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Abstract 
This paper continues the guidelines of previous works, and proposes a global methodology for the study of the Spanish Industrial 
Heritage. The first part of this methodology is focused in the identification, selection and classification of this kind of elements. 
There are different heritage typologies, and each one has a particular nature. Not the same aspects are important for the valuation 
of all them. The need to consider simultaneously different criteria with different level of importance makes reasonable to think in 
multicriteria methods as the AHP. The second part of the proposed global methodology studies the possibilities of multicriteria 
methods in the valuation of these assets and their possible future uses, with particular attention to the Analytic Hierarchy Process 
(AHP). Results obtained show that adapting these tools to the nature and objectives of the study these methods can be very 
useful. 
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1. Introduction 
This paper analyzes the appropriateness of multicriteria techniques as part of a global methodology for the study 
of industrial heritage assets, concretely as decision support tools for the valuation of these elements and their 
possible new uses. These techniques have their main field of application in the study of alternatives for the selection 
 
 
* Corresponding author. Tel.: +34-91-398-6445. 
E-mail address: jclaver@madrid.uned.es 
© 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of MESIC 2015
176   J. Claver et al. /  Procedia Engineering  132 ( 2015 )  175 – 182 
of the most appropriate. Among these techniques, the AHP (Analytic Hierarchy Process) is notable for its wide 
dissemination and use. This method was developed by Thomas Saaty in the seventies and, since then, it has been 
subject of study. 
The AHP proposes a basic structure conformed by three main levels. Objectives are located at the top level, 
followed by criteria at the next level, and finally, alternatives in the last level. This basic structure [1] reflects the 
general idea of the method. Although, when it is applied it becomes more complex and new levels of subcriteria 
appear. 
Interest criterions are identified and then pair compared. Thus the criterions of each level are prioritized 
according to their relevance to the objectives achievement. Thereby, the weight of the criteria considered is 
established, both in the level in which are included and in the global levels structure. Thus, thanks to these 
judgments, the prioritization of the criteria at each level is possible, ranking the alternatives and identifying the most 
appropriate. 
The study of industrial heritage assets must consider not only a wide variety of aspects but also consider them 
from different points of view. The nature of these elements is complex and involves technological, historical, social, 
demographic or constructive values [2-4].  
This must be taken into account, not only when the aim of the study is broader and more general [5], but also 
when more specific tasks are faced, such as the assessment of specific elements and compatibility of new uses with 
the protection of its patrimonial values.  
Variety of criteria to be considered simultaneously in the study of this type of properties makes the use of 
multicriteria tools for decision support interesting [6]. The methodology proposed by Thomas Saaty in the AHP 
seems applicable to the study of the industrial heritage assets. Nevertheless, this technique and the study proposed in 
this work have different focus. Thus the structure of the AHP must be adapted to the objectives of the proposed 
methodology for the study of the industrial heritage properties. 
2. Objectives 
The purpose of this study is to propose an initial methodology for the application of multicriteria decision that 
allows the study of Spanish industrial heritage elements, which were previously identified and classified [3] 
considering nature and importance criteria simultaneously. Thus, the proposed overall methodology, includes a first 
part developed in the mentioned previous works and a second part exposed in this work. 
Multicriteria techniques are interesting for simultaneous management of multiple criteria, but their focus on 
selecting the best alternative from a finite number of alternatives does not correspond with the approach of the 
proposed methodology [7]. 
The aim of this paper is to design an initial methodology able to run as a dynamic support tool for the analyses of 
this type of elements. The proposed methodology does not need to compare the element of study with other assets of 
this typology, either to establish its heritage value or to select the most appropriate new use. Moreover, that would 
require a much more limited focus for the study, due to the need of comparing elements of a same typology with 
similar characteristics to compare, for example textile mills of the second half of the nineteenth century. 
The focus of this work is less specific. An initial overall implementation of the methodology is developed, and 
any asset of the industrial heritage is considered as a possible element of study, not only the ones of a specific type. 
Thus, a first approach to the valuation and recovery of these properties by adapting multicriteria tools is done. 
3. Methodology 
The proposed methodology includes two distinct parts. On one hand it deals with an analysis of the element’s 
heritage value. This means identifying the values that make the good likely to be considered as patrimonial. 
Furthermore, compatibility of these valuable characteristics with the possible future uses is analyzed. This means 
preserving the characteristics in which the heritage value lies when a new use is established for the asset of study. 
This concept is essential and it is shown in Figure 1. One of the most serious problems to the properties of the 
industrial heritage consists in the destruction of the assets´ value through recovery interventions for new uses. It is 
therefore essential to identify the features that contribute to the heritage value and to analyze their compatibility with 
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potential new uses through the impact that the adaptation of the element for a new use has on the characteristics 
which must be protected. 
 
 
Fig. 1. Compatibility criterion. 
3.1. Criteria for the heritage valuation of the elements considered 
As stated above, the proposed methodology aims to be a working tool of general application, and therefore, 
applicable to any element of study. Thus, in the first place it is necessary to reflect on the nature of the values of this 
type of elements. Therefore, a first level of criteria arises to help determine the interest of the assets of study from an 
industrial point of view.  
Any type of heritage value is associated to the element’s singularity in certain aspects, and it is important to 
approach the problem as befits an industrial asset. The immovable properties of industrial type can be considered as 
valuable elements and, where appropriate, as patrimonial elements. But to be considered as industrial heritage, the 
values of these assets must be mainly related to aspects of their industrial activity. 
Thus, an industrial asset, without any interest from an industrial point of view, could be considered as a 
patrimonial element when the study is focused in other characteristics, such as artistic, historic or architectural 
aspects, but that is not industrial heritage. This does not mean these other aspects should not be regarded. They 
provide value to the elements, but less than the aspects linked to the productive activity due to the approach of the 
study, which is focused in the industrial nature of these assets. 
In this manner, a first level of criteria (CR1) linked to values of industrial type is established. This includes 
different groups of uniqueness, such as the technology used, historic and social relevance, constructive strategies, 
product singularity and geographic uniqueness. The last two groups are excluded from the analysis. Although both 
indicate aspects which contain value, they cannot be directly related to characteristics of the asset understood as a 
container of a new activity. So they do not contribute to establishing compatibility levels. For example, being the 
only sample of a typology in a territory makes the asset valuable, but it does not represent an aspect involving a 
greater or lesser compatibility with any activity. 
In the second level (CR2), subcriteria linked to each criteria of the first level are analyzed. Thus, three subcriteria 
are considered within the technological singularity; the uniqueness of the element as example of a very particular 
technology, the innovation that the element introduces and represents, and the current state of conservation. In the 
same way, three other subcriteria are established for the historical singularity. The importance or not of the element 
in the social and economic development of the area, the historical and archeological interest (especially in 
preindustrial elements) and the state of conservation are considered. Finally, from the constructive singularity’s point 
of view, the building techniques used, the architectural style, the layout, the size and dimensions of the spaces for 
each activity, and the current state are analyzed. 
The methodology of AHP allows pairwise comparisons between the criteria of each level, and thus, a reciprocal 
matrix of judgments can be obtained. Then each eigenvector is calculated and the consistence of the judgments is 
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analyzed. The eigenvector shows the importance of each criterion within the level of the hierarchy in which it is 
included. 
 
 C1.1 C1.2 C1.3  
C1.1 Technological singularity 1 3 2 0,540 
C1.2 Historical singularity 1/3 1 1/2 0,163 
C1.3 Constructive singularity 1/2 2 1 0,297 
 






 RC = CI/RI 
5,028 0,007 0,006 
Fig. 2. Pairwise comparisons for C1 criteria. 
3.2. Valuation of the heritage criteria presence in a specific asset 
The criteria considered for the rating of the elements of study must be common to them all, in order to 
determinate which of them are in fact patrimonial goods and which not. However, although it has been established 
which features are most relevant to value an asset of this type, their presence will not be the same in all elements 
analyzed. Thus, it is necessary to measure the importance, or presence, of each characteristic considered as a 
criterion in the particular case of the element to be analyzed. In this way, there is a static part and a dynamic part in 
this first stage of the proposed methodology. A hierarchic structure is defined, and the criteria in each level remain 
constant for every element of study, but at the same time the presence of each criterion must be scored for every 
single element. 
The proposed methodology wants to serve as an effective working tool for qualified professionals working in the 
study of the industrial heritage. These professionals, mainly architects and engineers, can evaluate the presence or 
importance of considered characteristics in a specific element when they visit it. The scores are used to form a vector 
which then is normalized. Then, this vector and the eigenvector for the preference are multiplied and the result is 
normalized again. Thus, entering the values given to each criterion the methodology returns as result a new 
eigenvector which considers at the same time the importance of the features which give to an element of this type its 
value, and the presence of each one of them in the particular element being analyzed. 
Thereby, the importance of the technological innovation that machinery of an element of study represents is a 
criterion that only gives value to the element of study when in fact it is still present in it. 
 
 
Fig. 3. Examples of graphical representation of the distribution of equity in the groups of criteria considered. 
Therefore, the AHP is adapted to the goals of the methodology. In this first part, the AHP allows to work 
simultaneously with different criteria when the value of an asset is analyzed, and it is combined with a scoring 
approach, by ranking the presence of each criterion in the asset. 
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So, this first part of the proposed methodology is itself a useful tool. Using it, a qualified professional can have a 
first visual idea of the most important characteristics of an asset from its heritage value’s point of view. The scores 
given to each criterion and their combination with the hierarchy structure of the AHP return a graphical distribution 
of the value through the groups of criteria. Figure 3 shows examples of it.  
3.3. Criteria for the compatibility valuation of considered assets with new uses  
Once the most important features are identified the next step is to analyze the compatibility with different uses. 
This means studying the adaptability of the asset to a new use without affecting these special features, or in other 
words, without loss of heritage value. 
Figure 1 shows in a simple way this idea of compatibility according to the aggressiveness of the adaptation. In 
order to be able to face this task, it is necessary to compare basic needs of the functional program of the typical 
architectural typologies associated with a range of uses considered, with specific and identifiable characteristics of 
the assets analyzed. 
Moreover, to select the uses to be considered, the work on identification, selection and classification of industrial 
assets developed previously was taken into account. Almost five hundred industrial goods were identified. The ones 
recovered for new activities and the nature thereof were identified. 
Thus, sociocultural uses, as well as informative (of the element’s heritage values), retail and hospitality, offices 
(which includes business and administrative uses), educational, residential, sports, medical and religious uses are 
considered. Public and nature spaces were not included because of their different scale and nature.  
A number of criteria corresponding to specific characteristics of the asset, that are easily observable and related to 
important functional aspects for the different uses, are identified (CR3). These features are at the same time related 
to asset valuation criteria of second level (CR2). The criteria considered (CR3) for this new level are shown below. 
x CR3.1 Great fixed surface occupied by machinery 
x CR3.2 Machinery in good conditions 
x CR3.3 Good working machinery 
x CR3.4 Part of a larger set 
x CR3.5 Unobstructed large surface spaces 
x CR3.6 Unobstructed tall spaces 
x CR3.7 Continuous large surface spaces  
x CR3.8 Continuous tall spaces 
x CR3.9 High-level lighting 
The dual relation of the level CR3 with CR2 criteria and with the possible new uses allows the connection of the 
two parts of the methodology. They represent key aspects that determine if the original state of an asset is suitable, 
or not, for different activities. Thus, an exhibition space and in general uses that are associated with the sociocultural 
group, will need unobstructed large spaces, with large surface and proportionate tall spaces. However, the fact that 
these spaces contains a structural element it does not assume to be a problem, and in any case, its functional impact 
can be minimized by a new distribution. For example, in an exhibition space or in a multipurpose workshop for 
artistic activities, the presence of some pillars would not be a big problem. Despite the fact that it is preferable that 
they are not there, the requirement is more related to spaciousness and flexibility. However, a sports centre needs 
continuous spaces to be able to raise sports courts. Therefore, the presence of the same structural elements would be 
a problem.  
In the same way, educational and office uses have special need of good natural lighting. In the case of the 
informative use, for example a centre of interpretation of the original activity of the asset, the massive presence of 
machinery would not be a problem, quite the opposite. This is because, unlike other uses, the productive nature is 
just what is wanted to be shown. 
The preference matrix for each criteria of the third level is created by comparing between themselves the uses 
considered the suitable to each using feature. Finally, a new matrix is formed with the vectors of each C3 criteria 
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preference regarding the uses. Figure 4 shows the preference matrix for one of the criteria of the third level and the 
final matrix of preference. Priority uses for each criteria are highlighted in yellow. 
 
 
Fig. 4. Matrixes of preferences. 
3.4. Valuation of the morphological characteristics in a specific asset 
The morphological characteristics considered in the third level of criteria (CR3), such as the layout of the asset, 
the size of its spaces or their natural lighting, will not be detected in the same extent for any asset analyzed. 
Therefore, as exposed before for the criteria of first and second levels, the preferences between the criterions of this 
third level are fixed making a common hierarchy for all the assets, but the presence of these criteria in a particular 
asset is valued by scoring them. 
3.5 Global methodology 
Figure 5 shows the methodology proposed in this paper for the heritage valuation of the elements of study, as well 
as the analyses of their compatibility with possible new uses, in order to minimize the impact of their adaptation. All 
this is developed by the use of multicriteria techniques to support decision making, specifically by AHP. 
As shown in the diagram of Figure 5, the methodology includes two types of information and three possible 
analysis. As for the information to be introduced in the methodology, one can distinguish, on one hand, fixed 
information that is indicated in the scheme with a gray background, and on the other hand, variable information 
shown with green background. The first one corresponds to the judgments made relying directly on the AHP 
methodology, which compares the criteria considered and sets preferences. The matrix developed for these criteria 
consists of general judgments that remains constant for any asset that is submitted to the methodology for its study. 
The other type of information is specific for each studied element and it is obtained by in-situ valuation of the 
features needed, by using the methodology developed by a qualified professional that visits the asset. The meaning 
of these scores are explained above. 
Thus, the rate of the characteristics demanded by the methodology, automatically returns information that allows 
different analyses. The first one affects the first part of the methodology, as shown in Figure 5 with a blue dashed 
line. This first analysis allows the identification of the asset’s characteristics in which reside, if any, the heritage 
value. We can obtain graphics as the one on Figure 3 which helps the information’s interpretation. Subsequently, the 
second part of the methodology allows other two analysis, which need to be understood as complementary. 
Firstly, studied assets compatibilities with the different uses studied assets compatibilities with the different uses 
can be analyzed in relation to their morphology and characteristics without considering the possible heritage value of 
any of its parts. For this reason, it is only considered the ratings given to the third level criteria (C3) associated with 
specific characteristics of the property and necessary for some of the considered uses. 
However, this first analysis should be completed by the incorporation of the influence of the second level criteria. 
In this case the matrix in Figure 4 will be multiplied by the vector of preferences of the second level that affects each 
vector of the third level. Thus some of the compatibilities will decrease while others will increase. In the first case, 
this is because they are related to parts of the element of great value whose characteristics must be preserved and 
protected at all costs, avoiding their modification in their adaptation to the new activity. This is, obviously, only 
relevant when it is required to modify the affected parts, not when there is already a high direct compatibility. In the 
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second case, the compatibility increases due to the incompatibilities were caused by the good’s characteristics with 
little value.  
Therefore, as noted above, it is interesting to focus these two analysis together and in a comparative way to be 
able to see how the asset value of the parts of the element allows the guidance of the adaptation to the uses whose 
implementation would be less aggressive as it affects the less valuable parts. 
 
 
Fig. 5. Proposed methodology. Applications. 
4. Results 
The results obtained for an example, which does not correspond to a real case but to a standard profile, will be 
analyzed. Therefore, certain scores, indicative of a particular type of good, are introduced to the methodology to be 
able to interpret the information returned from the methodology. We will focus on the second part of the 
methodology, where the compatibility with different uses is analyzed, representing the ultimate goal of the work. 
Figure 6 shows the most relevant information. On the left side scores are shown, on one hand those of the second 
level criteria related to heritage values, and on the other hand, those of particular morphological characteristics of the 
assets that are linked to the third level criteria. On the right side one can find the preferences vectors for the uses 
considered. Firstly, without considering the heritage values of the second level criteria. Furthermore, introducing 
these criteria in the valuation, and finally, both trends are illustrated graphically to be able to compare them. This 
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information would be the result given to the user of the methodology by the tool, once introduced the evaluation 
after the visit to the building. 
In this case one can notice how the reasonable presence of machinery as well as its good state, poses restrictions 
for most uses. Therefore, it is clear the priority for an educational and informative use (uses 1 and 2), and in a second 
place, a sociocultural use. This is emphasized when the C2 criteria is considered, because of the machinery of this 
element has a high scored from the point of view of the innovation that meant in those times, so this criteria has an 
important weight. As a general rule of interpretation of these graphics and in order to value possible uses, it is 
necessary to take into account the existing deviation between curves. Increases and decreases in the compatibilities 




Fig. 6. Application of the methodology. Interpretation. 
5. Conclusions 
Given the neglect suffered by the industrial assets after the ceasing of their production, it is necessary to find new 
activities that allow new utilities to these elements and that give them support to their conservation. However these 
actions must ensure that the adaptation of the element to its new activity does not involve destruction of heritage 
value. 
Multicriteria decision tools can help manage the different criteria to consider when analyzing this asset typology. 
There is a lack of easy application tools that are based on common criteria and judgements that avoid interested 
valuations in the rating of the most suitable future activities. However they should be applicable to any element of 
study and have to provide clarity and agility considering the emergency situation in which many of these goods are. 
This methodology presents an adaptation of the AHP methodology to help achieve these goals. While it is an 
initial and simplified proposal and must be refined to address the problem in depth and with guarantees, it is 
considered to be a positive experience due to its utility and its possibilities. 
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